General considerations
Anaemias characterized by a macrocytic peripheral blood picture may be divided on the basis of sternal puncture findings into two main groups according to whether the marrow picture is megaloblastic or normoblastic. A megaloblastic marrow picture, which is seen in its typical form in relapsed cases of Addisonian pernicious anaemia, may be recognized by the following features (see fig. 1 ):-A high proportion of the red cell precursors are large cells with abundant dark-blue cytoplasm and large finely reticulated nuclei in which nucleolar remnants may or may not be present. The nomenclature of these cells continues to arouse considerable controversy, and various names have been given to cell types differentiated from each other by finer points of cytological detail. However, I prefer to designate these cells by the generic name of early erythroblast and support the view that their diagnostic significance lies in their quantity rather than their quality. According to this view the presence in marrow films of occasional cells belonging to the series is of no diagnostic significance since they may occur in small numbers in health and in many types of anaemia, but their presence in relatively large numbers is characteristic of megaloblastic anaemias.
Cells qualitatively diagnostic of megaloblastic erythropoiesis are seen among the more mature red cell precursors showing varying degrees of haemoglobination. Such cells may be identified as megaloblasts by their size and particularly by the loosely woven character of the nuclear chromatin. Normoblasts at equivalent stages of haemoglobination are smaller and have nuclei which are much more dense and lumpy in structure.
In severe untreated megaloblastic anaemias the marrow picture is so characteristic that it is recognizable at a glance. It must be admitted, however, that in mild cases, especially if an iron deficiency is also present, and in cases in which liver therapy has recently been instituted, the diagnosis may not be easy and may necessitate careful study. Indeed, effective liver therapy may result in such a rapid modification of the marrow picture that evidence of megaloblastic erythropoiesis may disappear within a few days of the start of treatment.
A megaloblastic marrow picture is a'ways associated with defective erythropoiesis, the erythrocytes being defective both in quantity and quality, N and the presence of numerous macrocytes in the peripheral blood is usually a conspicuous feature.
It should be noted, however, that while the peripheral blood picture is usually hyperchromic, it may occasionally be hypochromic in cases inwhich a severe iron deficiency is also operating. Trowell (1943) has drawn attention to the relatively frequent occurrence of such 'dimorphic anaemias' in the tropics; and in Edinburgh this feature has been noted in megaloblastic anaemias of pregnancy. Accordingly it will be seen that a high colour index is not necessarily an accompaniment of macrocytosis, although, in temperate climates at least, it usually is so.
Megaloblastic erythropoiesis is generally considered to result from arrested maturation consequent upon lack of the anti-anaemic, or haematopoietic, principle of Castle. This deficiency most commonly results from defective formation of intrinsic factor as in Addisonian pernicious anaemia. It may also be caused by an inadequate intake of extrinsic factor as in nutritional macrocytic anaemias. Less frequently it may occur in alimentary disorders such as steatorrhoea, sprue, and coeliac disease, which may cause impaired absorption of the haematopoietic principle. Finally, megaloblastic anaemia may occasionally result from diseases of the liver since this organ is the site of storage df the haematopoietic principle, and possibly of its final elaboration (Davidson and Fullerton, 1938) .
It is widely recognized that treatment by injections of fractionated liver extracts containing the haematopoietic principle is usually followed by the rapid replacement of the megaloblastic marrow picture by a normoblastic one and subsequent restoration of a normal blood picture.
Occasional cases of megaloblastic anaemia are met with, however, which are permanently or temporarily refractory to treatment with liver extracts. Thus cases of so-called ' achrestic anaemia ' described by Israels and Wilkinson (1940) were found to be partly or completely refractory to treatment. Davidson, Innes (1942, 1943) have described refractory cases which responded only to prolonged and intensive parenteral liver therapy. Evidence has been presented by Fullerton (1943) , and by Davis and Davidson (1944) Davidson and Gulland (1930) and Murphy (1939 Langmead and Doniach (1937); Modlinger (1937); Veeneklass (1940) ; Cole (1941) and Fouts and Garber (1942 Svastis (1940)-13. Since bone marrow biopsy studies were not described in connexion with any of these cases it follows that there is no proof that the anaemias were necessarily megaloblastic. Moreover, some of the descriptions of the peripheral blood were inadequate in that they failed to present unequivocal evidence of a genuine macrocytosis, or that the other features of a 'pernicious anaemia-like ' blood picture were present.
The results of gastric analysis were stated in respect of seven of the cases and a histamine-fast achlorhydria was found in only four of these.
Disease of the alimentary tract was present in three cases (coeliac disease, tuberculosis, megacolon); evidence of pyrexial infection was reported in two further cases and of endocrine dysfunction in another.
A haematopoietic response to parenteral liver therapy occurred in seven of the nine cases in which this treatment was tried. One of these patients remained in good health after liver treatment was stopped. One of the patients who failed to respond to liver therapy made a sustained recovery after a blood transfusion.
It will be apparent from this synopsis that a not inconsiderable proportion of the cases present features that invalidate a diagnosis of classical pernicious anaemia, whilst in others the available evidence does not necessarily render this diagnosis proven. Nevertheless, it may safely be accepted that in a number of the cases the anaemia was hyperchromic and macrocytic, responded to liver therapy, and was therefore presumably megaloblastic.
MACROCYTIC ANAEMIA IN CHILDREN Case reports Methods. In each of the cases to be reported the examination of the peripheral blood followed conventional lines. The haemoglobin determinations were by the Haldane method (100 per cent. = 13 8 gm. Hb.). Price-Jones' curves were not constructed, the extent of macrocytosis being assessed by careful inspection. Sternal marrow films were made by the squash method (Davidson, Davis and Innes, 1943) and stained by the May-Grunwald technique.
The liver extracts used in the treatment of the patients were from batches of known potency in cases of Addisonian pernicious anaemia. The proteolysed liver administered orally in cases 2 and 3 was the whole liver preparation described in a previous publication PROGRESS. An injection of anahaemin 4 c.c. resulted in no haematopoietic response in ten days. Proteolysed liver was then given orally, i oz. daily; no iron or other haematinics being administered. This was followed by a reticulocyte response of 9 per cent. on the tenth day and a rapid and progressive rise in the red cell and white cell counts. Reticulocyte counts were unfortunately not recorded throughout the first ten days of the proteolysed liver therapy, consequently it is probable that the maximum reticulocyte rise was higher than the figure noted above. The 
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Comment. An interesting feature of this case is the onset of the severe hyperchromic macrocytic anaemia a year after the hypochromic microcytic anaemia.
Examples of anaemias changing from hypochromic to hyperchromic have been described in adults by Davidson and Fullerton (1938) and Miller and Dameshek (1941) . The rarity of the phenomenon is emphasized by the first-mentioned authors who state that in a study of a thousand cases of hypochromic anaemia only three were known to develop a macrocytic anaemia subsequently.
Miller and Dameshek suggest that the transformation may result from a progressive disorder of the gastric mucosa leading first to achlorhydria and inadequate iron absorption and later to interference with production of intrinsic factor and consequent development of pernicious anaemia.
In the present case it is unfortunate that no gastric analysis was done during the stage of hypochromic anaemia, but it will have been noted that achylia was present after the onset of the hyperchromic stage. In spite of this it is thought that the under-developed physique of the boy which is highly suggestive of a generalized nutritional or metabolic abnormality, and the inadequate response to fractionated liver extracts, justify the rejection of a diagnosis of Addisonian pernicious anaemia.
As in the previous case, no definite etiological factor can be incriminated. In view of the development of ascites during the first admission to hospital, a diagnosis of abdominal tuberculosis was considered, since it was thought that a tuberculous involvement of the lacteals might have resulted in defective absorption and consequent anaemia. The subsequent course of the patient, however, provided no confirmatory evidence for such a diagnosis, although it does not necessarily warrant its final rejection.
The long-continued hepatic enlargement noted in this case makes it tempting to attempt to correlate this finding with the pathogenesis of the anaemia. It is conceivable that in the first place defective assimilation may have resulted not only in an iron deficiency leading to the hypochromic anaemia, but in a deficiency of methionine or other factors necessary for normal functioning of the liver, thus giving rise to disease of this organ. The persistence of such a pathological condition after the correction of the hypochromic anaemia by adequate iron therapy, provides a plausible explanation for the subsequent development of the macrocytic (megaloblastic) anaemia. The response of the macrocytic anaemia to proteolysed liver therapy-and the eventual regression of the hepatomegaly may be explained not only by haematopoietic virtue of proteolysed liver, but by its high content of aminoacids including methionine (1 per cent.) which would presumably be of peculiar value in correcting a state of hepatic dysfunction. It will be appreciated that the foregoing suggestion is purely hypothetical, and furthermore does not attempt to explain the nature of the underlying faulty assimilation.
An observation of considerable therapeutic interest was the failure to maintain satisfactory haematopoiesis with injections of plexan, and the subsequent success of proteolysed liver orally after the patient's final discharge from hospital. Reference has already been made to data to be published elsewhere demonstrating the successful treatment with proteolysed liver of cases of megaloblastic anaemia shown to be refractory to treatment with anahaemin. The behaviour of the present case during the patient's second period in hospital provides further evidence on this point. Anahaemin, however, is a refined, and highly purified fractionated liver extract, whereas plexan is stated to be a crude extract containing factors of possible haematinic value not present in the more highly refined extracts. So far as I am aware no trial has previously been reported in which the comparative merits of such a crude liver extract and of proteolysed liver have been assessed in the treatment of a refractory anaemia.
Case 3. This case has been included by Davis and Davidson (1944) along with other examples of megaloblastic anaemias refractory to treatment with parenteral liver extracts but responsive to proteolysed liver therapy. As an example of megaloblastic anaemia in childhood, however, it is considered that a brief account of the case merits inclusion in the present paper.
The patient, J. R., was a girl aged twelve years admitted to hospital on August 12, 1943, The patient was then put on proteolysed liver by mouth, working up to 1 oz. daily. This was followed by a reticulocyte count of 28 per cent. on the fifth day after the start of this form of therapy and a progressive clinical and haematological improvement. On Sept. 28, 1943, twenty-seven days after beginning the proteolysed liver, the red cell count was 4,500,000 per c.mm.; the haemoglobin 85 per cent.; colour index, 0 94 and the white cell count 6,000 per c.mm. The patient's general condition was now considerably improved and she had gained 10 lb. in weight since admission to hospital. She was accordingly discharged home and did not receive any further liver or any other haematinic treatment.
When seen on Oct. 26, 1943, she was feeling very well and her blood picture was normal, the red cell count being 4,500,000 per c.mm. with haemoglobin 90 per cent. The lower edge of the liver was just palpable and was neither firm nor tender. Two months later her haemoglobin was 100 per cent. with 4,900,000 red cells per c.mm. and her general health was excellent, and has remained so during recent months.
Comment. The presence of free hydrochloric acid in the gastric juice; the failure of response to injections of liver extract, the recovery on proteolysed liver and subsequent maintenance of health without further treatment are all considered to be features which invalidate a diagnosis of Addisonian pernicious anaemia.
No satisfactory explanation can be advanced for the apparently temporary failure in haematopoietic function displayed by this patient. The rapid loss of weight which accompanied the development of the symptoms ofanaemia is suggestive of a temporary failure in absorption from the alimentary tract, but the absence of vomiting, diarrhoea or steatorrhoea renders this explanation purely conjectural. The slight degree of hepatic enlargement cannot with conviction be considered evidence of a primary disease of the liver, since such minor degrees of hepatomegaly are commonly found as secondary manifestations in many forms of anaemia, but on the other hand it is of course open to a hypothetical explanation similar to that considered in connexion with case 2.
In the meantime the child will need to be kept under observation since only time will tell whether the failure in haematopoiesis was a temporary incident or whether it was the prelude to a permanent disorder. Reference has already been made to a communication to be published elsewhere (Davis and Davidson, 1944) dealing with the successful treatment with proteolysed liver of cases of megaloblastic anaemia which had proved refractory to injections of fractionated liver extracts. The significance of these observations is discussed in the paper referred to and will accordingly not be considered further here. It may be noted, however, that it is suggested that the arrested megaloblastic maturation in these refractory anaemias results from a deficiency of some additional haematopoietic factor, present in proteolysed liver but absent, or present only in inadequate quantity, in fractionated liver extracts. The possible effect of proteolysed liver therapy on hepatic dysfunction associated with anaemia has already been referred to in connexion with case 2.
Summary and conclusions 1. The term megaloblastic anaemia is defined, and its pathogenesis is discussed.
2. Previous reports of macrocytic anaemias in childhood are reviewed, and attention is drawn to the rarity of the condition and to the inadequacy of the data for the justification of a diagnosis of Addisonian pernicious anaemia in most of the cases.
3. Three cases of megaloblastic anaemia are described in children aged twelve, thirteen and fifteen years. The pathogenesis of these cases is considered.
Although the blood and sternal marrow pictures were typical of pernicious anaemia, arguments are advanced against the acceptance of this diagnosis in the present cases, in all of which it is believed that defective assimilation from the alimentary tract may 154 ARCHIVES OF DISEASE IN CHILDHOOD have been an etiological factor of paramount importance.
Two of the cases proved refractory to parenteral injections of liver extracts of known potency but responded promptly to proteolysed liver administered orally.
In one case the macrocytic, hyperchromic anaemia was preceded a year earlier by a severe hypochromic anaemia.
